Summary Mortality according to glucose tolerance was studied to determine the prognosis of impaired glucose tolerance. Among 2500 persons tested in a community screening programme in 1962-1965 and followed-up for mortality to the end of 1987, agesex-adjusted mortality rates were 37.9 ± 1.9, 53.6 ± 4.2, and 70.1 ± 3.6 deaths per 1000 personyears ( ± SE) in those with normal glucose tolerance, impaired glucose tolerance, and diabetes by World Health Organization criteria at baseline. Age-sex-adjusted mortality rates due to ischaemic heart disease were 14.3 ± 1.1, 16.3 ± 2.4, and 25.8 ± 2.0 deaths per 1000 person-years, respectively. Using criteria predating those of the World Health Organization 147 men with abnormal glucose tolerance were entered into a randomized clinical trial in which 49 were treated with tolbutamide for approximately 10 years. Those treated had lower mortality rates from all causes (mortality rate ratio = 0.66, 95 % confidence interval = 0.39, 1.10) and from ischaemic heart disease (mortality rate ratio = 0.42, 95 % confidence interval = 0.16, 1.12) than those not receiving tolbutamide. Thus mortality rates are increased in persons with impaired glucose tolerance and diabetes, and the small clinical trial suggests that tolbutamide may be beneficial in men with abnormal glucose tolerance. [Diabetologia (1997) 
40: 680-686]
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by Brandt et al. [12] . Urine was collected 2-4 h after a meal and tested with Clinistix (Ames Co.). Those with glycosuria were asked to return for a fasting oral glucose tolerance test, using 30 g glucose per m 2 body surface area [12] . For comparability with other studies, the diagnostic values recommended by the World Health Organization [11] were used, even though the World Health Organization specifies a load of 75 g regardless of body size. By World Health Organization criteria, diabetes is diagnosed if the fasting capillary blood glucose is 6.7 mmol/l or more or the 2-h glucose is 1.1 mmol/l or more; and impaired glucose tolerance is diagnosed if the fasting glucose is under 6.7 mmol/l and the 2-h glucose is 7.8 mmol/l or more and under 11.1 mmol/l. Other results are considered normal (by World Health Organization criteria) in this paper. The results of the glucose tolerance tests of 2500 persons with glycosuria on screening are shown in Table 1 .
Eligibility for the treatment study was based on glucose tolerance classified by the criteria herein referred to as the 'Brandt criteria' [12] , which preceded the World Organization criteria [11] . Diabetes was diagnosed if the 1-h post-load capillary blood glucose was 11.1 mmol/l or more, the 2-h glucose was 8.6 mmol/l or more, and the 3-h glucose was 5.8 mmol/l or more. If these criteria were not met, but at least one of the following values was found -1-h glucose 8.9 mmol/l or more, 2-h glucose 6.7 mmol/l or more, or 3-h glucose 4.7 mmol/l -the diagnosis was 'diabetes?', herein referred to as abnormal glucose tolerance by the Brandt criteria.
Treatment study. A randomized clinical trial was conducted in 147 men with abnormal glucose tolerance using the Brandt criteria to test whether treatment would prevent the development of diabetes [13] . After referral from a study physician, a subject was assigned to one of three groups by the pharmacist by a rotational scheme unknown to the physicians. This assignment is considered 'randomization' in this paper. Subjects in all three groups were told they were at high risk of diabetes and given the same advice, namely to increase physical activity, limit intake of carbohydrates and lipids, and, if overweight, limit total energy intake. This advice was given by a physician at the time of randomization and was repeated once each year.
In addition to diet and exercise advice, those in one group ('tolbutamide group') were treated with tolbutamide 0.5 g, 3 times per day, those in the second group (placebo group) with placebo 3 times per day, and those in the third group (no-tablet group) were given neither tolbutamide nor placebo. All the men were randomized between 28 May 1963 and 29 November 1965. The identity of the tolbutamide or placebo tablets was masked from subjects and investigators until 1972, when the investigators performed an interim analysis because of safety concerns raised by the University Group Diabetes Program [14] . The randomly assigned treatments were continued until 1975, when the surviving subjects in whom diabetes had not already been diagnosed were retested for diabetes. At that time treatment was discontinued and further systematic contact with the subjects was not maintained by the investigators, but mortality rates have been determined. Results are presented according to the random treatment assignment regardless of subsequent compliance.
Mortality. Because death statistics of all residents of Sweden are reported by the national personal identification number, the date and cause of death could be obtained for each deceased subject from Statistics Sweden, Stockholm. Records for all deaths occurring from the beginning of the study through the end of 1987 were obtained, with approval from the ethics committee, Lund University.
The underlying and contributory causes of death were coded centrally according to the Swedish adaptations of the International Classification of Diseases. Version 7 was used in 1962-1968, version 8 in 1969-1986 , and version 9 in 1987. The underlying cause was classified as ischaemic heart disease if the code was 420 in version 7 or 410-414 in versions 8 or 9. In the computation of mortality rates due to ischaemic heart disease, classification was made from the underlying cause. Contributory causes are also coded on Swedish death certificates, and data were analysed by counting a death as due to ischaemic heart disease if either the underlying or a contributory cause was ischaemic heart disease. These results were similar to using the underlying cause only and are not shown.
Age-sex-specific mortality rates, from all causes and from ischaemic heart disease, were computed according to glucose tolerance for all subjects excluding the 147 men in the treatment study. Rates were computed as deaths per 1000 personyears of observation in each decade of age, by methods described in detail previously [15] . As there were few deaths or person-years of observation below the age of 25 years, followup and deaths were counted only beyond this age. Age-adjusted and age-sex-adjusted mortality rates and their standard errors were computed by the direct method [15] , using as a reference population the age and sex distribution of all subjects participating in the population screening.
Mortality rates were also computed with the proportional hazards model [16] , which allows for adjustment for age and other factors as continuous variables. The estimated hazard rates were converted to cumulative mortality rates for presentation [16] . The mortality rates from ischaemic heart disease were computed by coding deaths from other causes as censored observations. Thus, these cause-specific cumulative mortality rates estimate the proportion of subjects who would have died from ischaemic heart disease had other causes of death not intervened. 
Results
Mortality by glucose tolerance. Age-sex-specific allcause mortality rates by glucose tolerance according the World Health Organization criteria are shown in Table 2 , excluding the 147 men in the treatment study. In general, mortality rates were lowest in those with normal glucose tolerance, intermediate in those with impaired glucose tolerance, and highest in those with diabetes. In pairwise comparisons between the groups, adjusted for age and sex, the differences were highly statistically significant (impaired compared with normal glucose tolerance, age-sex adjusted mortality rate ratio = 1.41, 95 % confidence interval = 1.18, 1.68; diabetes compared with normal, age-sex-adjusted mortality rate ratio = 2.01, 95 % confidence interval = 1.78, 2.26). Age-sex-adjusted all-cause mortality rates were 37.9 ± 1.9, 53.6 ± 4.2, and 70.1 ± 3.6 deaths per 1000 person-years (± SE) in those with normal glucose tolerance, impaired glucose tolerance, and diabetes, respectively, by World Health Organization criteria at baseline (Table 2) . Age-sex-adjusted mortality rates due to ischaemic heart disease were 14.3 ± 1.1, 16.3 ± 2.4, and 25.8 ± 2.0 deaths per 1000 person-years, respectively. The age-adjusted rates by sex are shown in Figure 1 for all causes and from ischaemic heart disease according to World Health Organization criteria for glucose tolerance.
Effect of tolbutamide on mortality in the treatment study. At baseline, the distributions of glucose tolerance, age, blood glucose concentrations, and blood pressure in the three treatment groups are shown in Table 3 . There were no important or statistically significant differences, as expected from the randomization. Follow-up was computed for each man from the date of his randomization (1963-1965) until death or 31 December 1987, the closing date of this analysis. Because all subjects were randomized by the end of 1965, the survivors had at least 22 years of follow-up until 31 December 1987. By the end of follow-up, 75 subjects had died, including 27 deaths due to ischaemic heart disease.
Estimates of 20-year cumulative mortality rates are shown in Table 4 for men in each of the treatment groups and in all other men (n = 682) with abnormal glucose tolerance by the Brandt criteria. Although the men in the three treatment groups were very similar at baseline (Table 3) , they were younger and differed in other respects from the other 682 men with abnormal glucose tolerance. Thus age-adjusted mortality rates were compared in a proportional hazards model containing variables for age and each of the treatment groups. Although there were no significant differences between the four groups in this model, rates were slightly higher in those treated with placebo and lower in those treated with tolbutamide. The untreated group had similar all-cause mortality rates to those treated with diet but no tablets. The age-adjusted mortality rate for all treated men as a group was nearly identical to that of untreated men (mortality rate ratio = 1.02, 95 % confidence interval = 0.79, 1.30). Similarly, the age-adjusted rate of deaths from ischaemic heart disease was nearly the same in the treated and untreated men (mortality rate ratio = 1.09, 95 % confidence interval = 0.72, 1.66). The analyses in Table 4 were also adjusted for baseline blood pressure and blood glucose; the results were similar and are not shown. Because follow-up results were similar in the placebo and no-tablet groups (especially for ischaemic heart disease), these two groups are combined in subsequent results as a 'no tolbutamide' group. The cumulative mortality rates by follow-up time are shown in Figure 2 . Rates of deaths due to all causes are shown on the left and those due to ischaemic heart disease on the right, and are age-adjusted to a value of 50 years at baseline with the proportional hazards model. The 20-year cumulative mortality rates in Figure 2 do not agree exactly with Table 4 , because they were computed from a model using only the 147 treated men (who had a different age distribution than all the subjects shown in Table 4 ). Because the mean ages did not differ between the treatment groups, the crude (i. e. not age-adjusted) mortality rates were very similar to the age-adjusted rates shown in Figure 2 . The treatment differences were similar in analyses that also adjusted for other baseline variables, such as blood glucose or blood pressure (not shown), since these variables were also very similar between the treatment groups (Table 3). The cumulative mortality rates from all causes and from ischaemic heart disease were lower in the men treated with tolbutamide. In the proportional hazards analysis controlled for age, the mortality rate ratios of those treated with tolbutamide (compared with those not) were 0.66 (95 % confidence interval = 0.39, 1.10) for all causes of death and 0.42 (95 % confidence interval = 0.16, 1.12) for ischaemic heart disease.
Discussion
Mortality rates are reported in a long-term follow-up of 2500 persons given oral glucose tolerance tests after having glycosuria on a screening examination. In agreement with previous studies [1] [2] [3] [4] [5] [6] [7] , age-sex adjusted mortality rates were twice as high in diabetic subjects as in those with normal glucose tolerance, Fig. 1 . Age-adjusted mortality rates (deaths/1000 person-years through 1987) with 95 % confidence intervals due to all causes (full height of bar) and due to ischaemic heart disease (shaded part of bar) according to glucose tolerance at baseline by World Health Organization criteria: N, normal glucose tolerance; IGT, impaired glucose tolerance; Diab, diabetes a In reviewing the study records of each subject, it was discovered that 6 (3 in the tolbutamide group, 1 in the placebo group, and 2 in the no-tablet group) had not met the Brandt criteria at baseline, but were nevertheless considered by their physicians to have impaired glucose tolerance and thus randomized in the study b World Health Organization classification could not be made for one subject treated with tolbutamide because the fasting blood glucose concentration was missing. Judged by the 2-h blood glucose only, he would have had normal glucose tolerance by World Health Organization criteria Neither the distribution of glucose tolerance categories nor the means of any of these continuous variables differed significantly between the three treatment groups and mortality rates in subjects with impaired glucose tolerance were intermediate. In the Rancho Bernardo, California, study, ischaemic heart disease death rates in men were linearly and positively associated with fasting plasma glucose [17] . In the present study, mortality rates due to all causes and to ischaemic heart disease were related to hyperglycaemia as classified by the World Health Organization criteria (Fig. 1) or by the Brandt criteria or other categories of fasting or post-load blood glucose (not shown).
Thus hyperglycaemia predicts mortality rates regardless of the particular scheme used to classify hyperglycaemia [1] [2] [3] [4] [5] [6] [7] 17] . A subset of 147 men with abnormal glucose tolerance by Brandt criteria were randomly assigned to treatment with or without tolbutamide. As a whole, they had similar mortality rates to the other, untreated, men with abnormal glucose tolerance (Table 4). Because these groups differed in ways other than their treatment, comparisons between the treated and untreated men must be interpreted cautiously and it is difficult to judge whether the treatments as a whole affected mortality rates. No differences in baseline characteristics were apparent, however, among the 147 treated men, allowing for a comparison of their mortality rates by type of treatment. There were no significant effects of the treatment on mortality rates when the 10-year treatment was completed [13] . The slight differences apparent at 10 years increased, however, when follow-up was extended to 22 years or more (Fig. 2) . The majority of these men would not have impaired glucose tolerance if their tests were interpreted by World Health Organization criteria (Table 3) , although this interpretation is not precisely correct because the oral glucose challenge was not the same as that recommended by the World Health Organization. Thus generalization of these results to those who would currently be classified as having impaired glucose tolerance or diabetes is uncertain.
The treatment study was stopped in 1975, after which time the men received medical care from a large number of practitioners. Thus it was not feasible to ascertain what treatment they received after 1975, nor which subjects developed diabetes. Because Swedish mortality statistics are collected centrally, however, it was possible to determine the mortality rates and causes of death for an additional 12 years. Reliance was made on the centrally reported statistics without verification from individual medical records, which were not readily available. Such statistics have been shown to be especially accurate for the coding of cardiovascular diseases in Sweden [18, 19] .
Some of the problems of interpreting the 10-year diabetes incidence results [13] remain unresolved: a) The effect of dietary treatment cannot be evaluated because there was no randomized control group; all of the men in the treatment group were given the same dietary advice. b) Assessment of the tolbutamide effect is difficult because many subjects discontinued treatment before the treatment study was concluded in 1975. Analysis by randomization to treat with tolbutamide showed no significant effect, but comparison of those continuing to take tolbutamide with those assigned to no drug or placebo, and to those who discontinued taking tolbutamide, suggested that the drug prevented diabetes [13] .
The important conclusion from the present paper is that, whether or not diabetes was prevented or delayed, randomization to tolbutamide treatment may have reduced all-cause mortality rates by 34 % (i. e. mortality rate ratio = 0.66, 95 % confidence interval = 0.39, 1.10), and mortality rates from ischaemic Estimated from a proportional hazards model derived from all four groups of men, with variables for age and each treatment group, adjusted to a baseline age of 50 years. There were no significant differences between the four groups in mortality rates due to all causes or ischaemic heart disease Fig. 2 . Cumulative incidence (%) of death due to all causes (left) and due to ischaemic heart disease (right) in 147 men according to randomization for treatment of impaired glucose tolerance with (--------) or without () tolbutamide. Mortality rates are age-adjusted with the proportional hazards model and evaluated at an age of 50 years at baseline. The cumulative mortality rates from all causes (mortality rate ratio = 0.66, 95 % confidence interval = 0.39, 1.10), and from ischaemic heart disease (mortality rate ratio = 0.42, 95 % confidence interval = 0.16, 1.12) were lower in the men treated with tolbutamide heart disease by 58 % (mortality rate ratio = 0.42, 95 % confidence interval = 0.16, 1.12). The uncertainty of this conclusion comes from the small sample size and resulting wide confidence intervals for the treatment effects. These estimates were not substantially affected by further adjustment for other cardiovascular risk factors measured at baseline, although confounding by unmeasured risk factors such as smoking and serum cholesterol remains a possibility. At no time was there any suggestion of a harmful effect of tolbutamide, either in terms of incidence of diabetes, total mortality, or death from ischaemic heart disease (Fig. 2) , in agreement with the clinical trial of tolbutamide treatment of impaired glucose tolerance in Bedford, England [20] . This conclusion differs from that of the University Group Diabetes Program randomized clinical trial of treatment of diabetes [14] . The University Group Diabetes Program was terminated early because of a higher rate of death due to cardiovascular disease in subjects assigned to tolbutamide than in those assigned to insulin or placebo. As no significant difference in allcause mortality rates was reported in that study, it is unclear whether the drug treatment actually increased mortality rates or resulted in a difference in the attributed causes of death. A major problem with the interpretation of these mortality results is that the study was terminated before planned based on cause-specific, but not total, mortality rates. The Malmö hus study group was not faced with this problem, as there were no important mortality rate differences at the time the study was discontinued for other reasons. It was only with continued mortality follow-up, long after the trial had ended, that mortality rate differences appeared. The results are still uncertain, however, because the confidence intervals for the effects are very wide due to the small size of the treatment study (only 49 men were assigned to tolbutamide treatment). Thus future clinical trials in this area must be much larger if mortality rates are to be studied, and subjects should be followed long after the randomized clinical trial is completed.
In conclusion, metabolic abnormalities manifest as overt diabetes or as abnormalities on the oral glucose tolerance test (impaired glucose tolerance or diabetes) predict increased age-sex specific mortality rates, both total and from heart disease. These findings confirm that glucose intolerance is associated with cardiovascular disease, but they do not indicate whether glucose intolerance causes the cardiovascular disease or simply results from the same risk factors [3] . Firm conclusions about treatment effects cannot be drawn from this small study because the apparent reduction in mortality rates, while large, was not statistically significant. Yet, the possible benefit of treatment with tolbutamide suggests that glucose intolerance is at least in part causally related to ischaemic heart disease and, furthermore, that attempts at correcting it are worthwhile.
